Background Several studies have documented on the elevated cardiovascular risk among shift workers. In order to further explore this relation, we aimed at assessing the association between rotating shift work and the incidence of the metabolic syndrome (MetS).
Introduction
As many as 20% of all employees in the industrialized nations work either in rotating shifts or during the night. 1 There is accumulating evidence linking rotating shift work to the incidence of cardiovascular diseases (CVD). 2, 3 In a review of 17 prospective and retrospective studies, shift workers were found to have a 40% CVD risk increase. 4 Studies suggest that a disturbed metabolic regulation due to altered lifestyles, mismatch of circadian rhythms and chronic work stress may partly explain the relation between shift work and increased cardiovascular risk. 5 Recently, higher prevalences of the metabolic syndrome (MetS) and its separate components (abdominal obesity, hypertension, atherogenic dyslipidaemia and impaired glucose tolerance) have been demonstrated among shift workers. [6] [7] [8] [9] [10] However, the value of these findings was limited by the fact that they were established based on cross-sectional data only.
In order to explore the association between shift work and the onset of the MetS, we performed a prospective cohort study in a representative sample of employees from several large companies in Belgium.
Materials and methods

Study population
Our results are based on observations from the BELSTRESS Study, an epidemiological cohort study about job stress and health issues. 11 A total of 2821 workers aged 35-59 years from nine different companies or public administrations were involved in the longitudinal part of the study. Data were gathered at baseline between 1995 and 1998 and a second time in 2002-03 after a mean time interval of 6.6 years. A participation rate of 68.5% was reached at the second phase. Since only a small minority of women worked in rotating shifts, our results were limited to the 1738 male workers with valid data on the different MetS components. From this cohort, we excluded from our analyses 28 (1.6%) men with a history of diagnosed diabetes at baseline as well as another 159 (9.3%) subjects with waist circumference 594 cm and both of the following conditions fulfilled: systolic blood pressure 5130 mmHg and/or diastolic blood pressure 585 mmHg and/or using antihypertensive medication and high density lipoprotein (HDL) cholesterol <40 mg/dl. Twenty-two employees working in non-rotating night schedules were excluded to enhance the homogeneity of the sample. Hence, our results are based on 1529 participants employed within two public administrations, six private companies and one bank. The ethics committees of the University Hospital of Ghent and the Faculty of Medicine of the Free University of Brussels approved the BELSTRESS study.
Data collection
Detailed information about data gathering in the BELSTRESS Study was published previously. 11 In summary, baseline and follow-up information was obtained through a self-administered questionnaire and clinical examination by trained personnel. The questionnaire consisted of socio-demographic variables, medical history, health behaviours and objective as well as subjective work conditions. No dietary information was available. At baseline, rotating shift workers included all men working in two or three rotating shifts. Eleven percent (n ¼ 34) of the rotating shift workers had moved to a regular day job by the time of the second examination. Perceived stress at work was measured by means of the Karasek's Job Content Questionnaire, probing for psychological job demands, decision latitude and social support at work. 12 High job strain was defined as the combination of an above median job demand and a below median decision latitude. Questionnaires further comprised questions on physical job demands, physical activity outside work and sleep quality. Low education was defined as primary school level only. The diagnosis of diabetes mellitus was based on selfreported information. Body mass index (BMI) was calculated as body weight (kg) divided by the square of the height (m). Waist circumference was measured following WHO recommendations. 13 At both measurement occasions, blood pressure was recorded according to the MONICA protocol. 14 At baseline, fasting venous blood sampling was performed for further biochemical analyses. Triglycerides and glucose were not available at the initial examination. At the repeat examination, a non-fasting capillary blood sample was taken for determination of lipids, triglycerides and random glucose using the Cholestech LDX device (Cholestech Corporation, Hayward, CA, USA). Clinical examination and blood sampling in shift workers was performed during their respective shifts. Because of the non-fasting state of the participants at the repeat examination, the MetS was defined according to a modification of the criteria of the International Diabetes Federation. 15 We defined MetS as a waist circumference 594 cm plus at least two of the following conditions: systolic blood pressure 5130 mmHg and/or diastolic blood pressure 585 mmHg and/or using antihypertensive medication, HDL cholesterol <40 mg/dl, non-fasting triglycerides 5220 mg/dl and non-fasting glucose 5120 mg/dl or type II diabetes.
Statistical methods
Distributions of personal and job-related characteristics at baseline were compared between rotating shift workers and day workers according to the Fisher's exact test for dichotomous variables and the Mann-Whitney test for continuous variables. The effect of rotating shift work and other baseline characteristics on the onset of MetS in this prospective cohort study was statistically evaluated using logistic regression. 16 Effect sizes were expressed as odds ratios with accompanying 95% confidence intervals. Multivariate analysis was carried out in consecutive steps according to four models. Model 1 took only age as covariate into account. In model 2, additional adjustment for lifestyle factors and work characteristics at the initial examination was done: smoking (yes/no), high physical activity outside work (yes/no), educational level (low/high), job strain (yes/no), physical job demands scale (410/410). Model 3 accounted for age and MetS components available at baseline including waist circumference, diastolic blood pressure and HDL cholesterol (observed on a continuous scale). Finally, the association between shift work and the onset of MetS was fully adjusted for lifestyle factors, work characteristics and MetS characteristics at baseline in model 4. The cumulative effect of rotating shift work on the development of MetS was analysed for linear trend (on the logit scale) according to a logistic model. All analyses were performed using SAS software. 17 
Results
At baseline, 309 men (20.2%) from the total group of 1529 participating employees included in the analysis were classified as rotating shift workers. The large majority of them (84%) worked in two rotating shifts. Shift workers were on average older, had a lower educational level and performed more blue-collar jobs with higher physical demands (Table 1) . Apart from having lower blood pressures, they were characterized by a more adverse cardiovascular risk profile in comparison with day workers. Although perceiving less decision latitude, levels of high job strain were similar.
During follow-up (median 6.6 years), 364 (23.8%) workers developed the MetS according to our definitions. The incidence rate of MetS in this working population proved to be 41.7 cases per 1000 personyears. As shown in Table 2 , MetS incidence was related to lifestyles, anthropometrics and CVD risk factors in the expected direction. High job strain did not influence the onset of MetS.
The cumulative incidence of MetS in rotating shift workers was 32.7% (101/309) vs 21.6% (263/1220) in day workers. The MetS incidence rate in rotating shift workers (60.6 per 1000 py) was increased in comparison with day workers (37.2 per 1000 py) with an odds ratio (95% CI) of 1.77 (1.34-2.32). Multivariate analysis demonstrated the independence of the observed association between rotating shift work and the development of the MetS (Table 3) . Adjustment for initial lifestyle and work-related characteristics did only marginally affect the odds ratio and even additionally adjusting for metabolic factors at baseline (waist circumference, diastolic blood pressure and HDL cholesterol) had no appreciable effect.
In Table 4 , age-adjusted odds ratios for MetS according to cumulated years of rotating shift work obtained at the repeat examination, are given for younger and older employees separately. These results provide evidence for a dose-response relationship between accumulating shift work and the onset of MetS although the smaller group of younger subjects working for <10 years in a rotating shift schedule were not found to be at higher risk for MetS. As shown in Table 5 , it seems that rotating shift work was not only predictive for the development of MetS as a cluster of clinical entities but for the onset of each of its separate components as well, even after adjustment for initial waist circumference, diastolic blood pressure and HDL cholesterol.
Discussion
Here we report data on the markedly elevated risk for the development of the MetS and its separate components in male rotating shift workers over a 6-year period. No previous studies were published demonstrating this association between shift work SHIFT WORK AND METABOLIC SYNDROME Significance of linear trend. and the onset of MetS. The main strength of our findings is the fact that several features of the observed association indicate that incident MetS may actually be causally linked to shift work, such as its independence of possible confounding or mediating socioeconomic and work-and lifestylerelated factors and the fact that the observed association is graded with respect to the number of years working in shifts. Interestingly, although employees with MetS were excluded at the beginning of the follow-up period, the group of rotating shift workers already showed some 'predisposition' for MetS at the initial examination with a slightly higher mean BMI and waist circumference. However, we showed that taking these initial differences into account through multivariate analysis did not affect the strength of the observed relation between shift work and emerging MetS. The putative relation between shift work and metabolic disturbances was previously investigated in a number of cross-sectional studies. [6] [7] [8] [9] [10] The established associations were mainly confined to singular MetS components only 8-10 with inadequate adjustment for confounders 6, 8, 9 or restricted to specific age groups. 7 A few studies have dealt with the relation between shift work and the onset of diabetes in a longitudinal perspective but the association was found to be weak and not independent of BMI and lifestyle-related factors. [18] [19] [20] Remarkably, in our study rotating shift work proved not only predictive for the development of MetS as a cluster of clinical entities but for the onset of each of its separate components as well. We observed increased incidence rates of elevated blood pressure, raised triglycerides and glucose levels, low HDL cholesterol and abdominal overweight in shift workers compared with day workers. No other prospective evidence linking shift work to altered HDL cholesterol levels, hyperglycaemia or elevated triglyceride levels are found in literature. Despite the fact that several cross-sectional studies failed to demonstrate an independent relation between working in shifts and the development of hypertension, 6-9 a large group of Japanese shift workers developed 10% more hypertension over a period of 10 years. 21 Furthermore, these shift workers more regularly progressed from mild to severe hypertension. 22 One longitudinal study documented an effect of shift work on body weight gain and elevated waist circumference. 23 According to literature, several pathophysiological pathways may be considered in the explanation of the association we describe. It has been hypothesized that alternating shift work has various influences on the body by interfering with the circadian rhythm. The imposed desynchronization may be responsible for changes in the metabolism and secretion patterns of endocrine and immunological factors. This circadian rhythm in neurological, endocrine, thermoregulatory and other body functions may resynchronize only slowly after the abrupt phase shift common to rotating shift work. This is experimentally supported by a recent study that reported the development of MetS in Clock mutant mice. 24 Differences in eating habits between daytime workers and shift workers may possibly explain part of the observed association. However, previous studies demonstrated only small differences in nutritional intake and eating patterns between shift workers and day workers. [25] [26] [27] Although studies based on a simulation of shift work conditions documented a slightly impaired metabolic response to standard meals in case of unadapted shift work, no evidence exists linking fluctuations in time of meal consumption to subsequent impaired glucose tolerance in employees exposed to long-term shift work. 28 Nevertheless, lack of information on dietary habits remains a limitation of our study.
Working in rotational shifts, particularly when it involves night work, may influence both the quality and quantity of sleep. In our study, shift workers indeed reported slightly more often problems getting to sleep although they did not wake up more tired. According to recent studies, sleep deprivation may be related to the development of the MetS and several of its core components. 29, 30 From our data however, the association between shift work and MetS seems not mediated or confounded by sleeping problems. Recently, Chandola et al. 31 have reported that chronic psychosocial stress at work may be associated with the MetS. In our study job strain was not related to the MetS incidence nor did job strain confound the relation between shift work and the onset of MetS.
Apart from the lack of dietary information, our study has certain other limitations. First, it was impractical to ask employees to deliver a fasting blood sample as the physical examination and capillary blood testing were done at the workplace during their shift. Therefore we were constrained to using non-fasting glucose and triglycerides in our MetS definition. The choice of 120 mg/dl for glucose and 220 mg/dl for triglycerides as cutoffs was based on a comparison with the MetS prevalence obtained in the male participants of the local ASKLEPIOS population-based study in which fasting blood samples were obtained. 32 With these cutoff values the age-specific prevalences of hyperglycaemia and raised triglycerides matched perfectly. Moreover, in additional analyses choosing alternative thresholds for glucose and triglycerides in our MetS definition, the association with rotating shift work remained completely unchanged which indicates that the choice of cut point did not introduce a bias in the advantage or disadvantage of shift workers. The use of a capillary blood sample in combination with the Cholestech analyser as screening tool is also documented to be acceptable. 33 Moreover, there is no evidence that applying this technique would have disadvantaged the groups of shift workers in any direction.
SHIFT WORK AND METABOLIC SYNDROME Finally, our results might have been affected by healthy worker bias as some of the shift workers having developed MetS between both examinations may have moved to another job or left the company. However, this would mean that the strength of the observed association is even underestimated.
In conclusion, our findings provide prospective evidence for a strong, graded and independent association between rotating shift work and the development of the MetS. Although further research is needed to find pathophysiological explanations, shift workers may qualify for regular screening programmes for metabolic disturbances in order to reduce their burden of cardiovascular diseases.
